We present a multi-component structural analysis of the internal structure of 1074 high redshift massive galaxies at 1 < z < 3 from the CANDELS HST Survey. In particular we examine galaxies best-fit by two structural components, and thus likely forming discs and bulges. We examine the stellar mass, star formation rates, and colours of both the inner 'bulge' and outer 'disc' components for these systems using SED information from the resolved ACS+WFC3 HST imaging. We find that the majority of both inner and outer components lie in the star-forming region of UVJ space (68 and 90 per cent respectively). However, the inner portions, or the likely forming bulges, are dominated by dusty star formation. Furthermore, we show that the outer components of these systems have a higher star formation rate than their inner regions, and the ratio of star formation rate between 'disc' and 'bulge' increases at lower redshifts. Despite the higher star formation rate of the outer component, the stellar mass ratio of inner to outer component remains constant through this epoch. This suggests that there is mass transfer from the outer to inner components for typical two component forming systems, thus building bulges from disks. Finally, using Chandra data we find that the presence of an AGN is more common in both 1-component spheroid-like galaxies and 2-component systems (13 ± 3 and 11 ± 2 per cent) than in 1-component disc-like galaxies (3 ± 1 per cent), demonstrating that the formation of a central inner-component likely triggers the formation of central massive black holes in these galaxies.
INTRODUCTION
In the local Universe galaxies have a well defined structure and can be mostly classified into disc-dominated, spheroidal systems, or mixed systems with a spheroidal component surrounded by a disc. On the other hand, at higher redshift (z > 2), the majority of galaxies are peculiar Mortlock et al. 2013; Huertas-Company et al. 2016) . Thus, during the epoch of 1 < z < 3 galaxies must have undergone a large amount of evolution resulting in, Berta.Margalef@nottingham.ac.uk or produced by, morphological transformations. By z = 1 the dominant galaxy population are systems that have an inner and an outer component (or bulge and disc) (Bruce et al. 2012; Mortlock et al. 2013; Margalef-Bentabol et al. 2016) . However, it is still unclear how and when these different types of galaxies form, and how they are related to each other. For example, do bulges form from instabilities in discs, or do bulges form first and then later accrete a disc?
There are in fact many different theories for the formation of bulges and discs. For example some models predict that bulges form at high redshift due to disc instabilities and grow via minor mergers (Hopkins et al. 2010) . Disc for-mation may also occur due to gas accretion around a bulge which formed early in the history of the Universe, either through a rapid collapse or from multiple mergers of galaxies. It is thus still unclear which component forms first, and how these inner and outer components evolve together or separately. To solve these problems it is vital to investigate the internal properties of galaxies which have multiple components at high redshift and to trace the evolution of their properties through cosmic time.
The bi-modality observed in morphology at low redshift in the galaxy population appears to translate to star formation activity, with discs being blue and star-forming, and bulges and spheroids red and passive (Strateva et al. 2001; Kauffmann et al. 2003) . This bi-modality in morphology and star formation activity is also observed at higher redshift (Brammer et al. 2009; Whitaker et al. 2011) , but the separation is less clear, and there is some evidence for a population of blue bulges and red discs (Bamford et al. 2009; Conselice et al. 2011) . Therefore a key question is how morphology and star formation/quenching are related. Different studies have proposed several mechanisms to explain this, such as morphological quenching (e.g., Martig et al. 2009 ), in which a galaxy shuts down its star formation activity due to a morphological transformation. Another possible internal cause of galaxy quenching is the presence of an active galactic nuclei (AGN), in which case AGN feedback heats the surrounding medium, and thus prevents the accretion of cold gas (Croton et al. 2006; Bluck et al. 2011) . However, there are other properties that may play an important role in the star formation activity or quenching of a galaxy, such as environment and stellar mass.
Traditionally galaxies at high redshift are studied as single component systems (Buitrago et al. 2008; Trujillo et al. 2007 ), due to the difficulty of resolving inner and outer (or bulge and disc) components at high redshift. Thanks to the high-resolution of WFC3 HST -images it is just possible to separate the surface brightness profiles of high redshift galaxies into their bulge and disc components (Bruce et al. 2012; Lang et al. 2014) . A major problem is however distinguishing galaxies which are intrinsically 1-component systems from those which are in a bulge and a disc (MargalefBentabol et al. 2016) .
In this paper we compare the formation histories of different types of galaxies, as measured through their surface brightness profile shapes, and for those systems which can be decomposed into two components we examine the evolution of inner and outer components as a function of redshift. We also explore how the rest-frame U − V colour change with redshift, and the role of stellar mass in producing evolution within separate components. Finally, we investigate how the star formation activity of both the bulge and the disc evolves with cosmic time, and how this affects the assembly of stellar mass in galaxies.
With the CANDELS data from WFC3 and ACS we are now able to probe the components of galaxies from the ultraviolet to the near-infrared. Studying galaxies and their components at theses different wavelengths allows us to probe the properties of bulges and discs separately. We do this by modelling the SEDs of the bulge and the disc, uniquely and distinctly, after decomposing the galaxy at all the observed wavelengths. From this, we are able to trace the evolution of the stellar populations within these components, as well as measure the contribution to the total stellar mass and star formation rate (SFR) from each of the components (Bruce et al. 2014a,b) .
In addition to evolving in morphology from peculiar to Hubble type systems we know that galaxies become more massive as time progresses. There are different ways in which a galaxy can add stellar mass, such as through star formation bursts, or mergers, but it is not clear how the inner and outer components of galaxies grown together. Two component systems seem to add mass in the outer parts of the galaxy while they grow in size (Margalef-Bentabol et al. 2016) . However, the detailed evolution of mass within these components is still uncertain, and this is another issue we examine in this paper.
The structure of this paper is as follow. Section 2 is devoted to describing the data we use. In Section 3 we describe how we calculate the structural parameters, stellar masses, rest-frame colours and SFRs. In Section 4 the main results of the paper are gathered, and in Section 5 we discuss and summarize the results. Finally, an Appendix is included where we discuss simulations to determine the reliability of our results. Throughout this paper we use AB magnitude units and assume the following cosmology: H0 = 70 Kms −1 Mpc −1 , Ω λ = 0.7, and Ωm = 0.3.
DATA

Imaging
For this work a sample of 1074 galaxies from the CANDELS UDS field is selected, at redshifts 1 < z < 3 and with stellar masses M * 10 10 M . CANDELS (Grogin et al. 2011; Koekemoer et al. 2011 ) is a Multi Cycle Treasury Program which images the distant Universe with two cameras on the Hubble Space Telescope, the Wide Field Camera 3 (WFC3) and the Advanced Camera for Surveys (ACS), and it covers an area of 800 arcmin 2 in five different fields: GOODS-N, GOODS-S, EGS, UDS and COSMOS. For this work we use data from the CANDELS UDS field in the V, i, J and H bands, within the region where WFC3 and ACS overlap, which comprise an area of 187 arcmin 2 . The 5σ point-source sensitivities in AB magnitudes for this filters are H = 27.1, J = 27.0, i = 28.4 and V = 28.4.
The CANDELS UDS field is complemented by a large number of multiwavelengh observation of the larger UDS region, including: B, V, R, i, z -band data from SXDS, U -band CHFT data, J, H and K -band data from UKIDSS, F 606W and F 814W -band HST ACS data, H160 and J125-band HST WFC3 data and Y and Ks band data from HAWK-I UDS and GOODS-S survey (HUGS; VLT large program ID 186.A-0898, PI: Fontana; Fontana et al. 2014 ). Additionally, for CANDELS UDS there is IRAC channel 1 and 2 (3.6 and 4.5 µm) data from the Spitzer Extended Deep Survey (SEDS; PI: Fazio; Ashby et al. 2013) . For further discussion of the CANDELS UDS region photometry see Galametz et al. (2013) .
Sample of Galaxies
We use a sample of galaxies from Margalef-Bentabol et al. (2016) . Redshifts and initial stellar masses are computed log(Mass)
1-comp. 2-comp. peculiar Figure 1 . The stellar mass distribution with redshift for our initial stellar mass selected sample of galaxies (as calculated in Mortlock et al. 2015) , for 1-component galaxies (green circles), 2-component galaxies (purple squares) and peculiars (yellow triangles).
as described in Mortlock et al. (2015) and Hartley et al. (2013) . This sample is selected from the WFC3 region of the UDS, and comprises galaxies at redshifts 1 < z < 3 and M * > 10 10 M . For this work, in addition to near infrared images (H-band and J-band) from the WFC3 camera, we also use the V -band imaging and i-band from the ACS camera. The regions that these two cameras map do not completely overlap, and therefore the final sample for this work (1074 galaxies) only consists of galaxies with both near-infrared and visible-light images.
Galaxies in our sample are classified as either 1-component, 2-component or peculiar galaxies. The classification is done following the method in Margalef-Bentabol et al. (2016) , in which different methods (Visual classification, F -test, RFF ) to classify galaxies into 1 or 2 components are compared and investigated. As each method has different bias in selecting 2-component galaxies, for this work we classify a galaxy as a 2-component object if at least two methods agree in that classification, and as a 1-component galaxy otherwise. The peculiar population is separated by visual inspection, as done in Mortlock et al. (2015) . In Figure 1 we show our sample of galaxies in the stellar mass and redshift space. 1-component galaxies are further classified according to their Sérsic index, as disc-like galaxies (n < 2.5) or spheroid-like galaxies (n > 2.5).
METHOD
Structural parameters
In Margalef-Bentabol et al. (2016) , we obtained the structural parameters of each galaxy in our sample from the Hubble WFC3 H-band images using galfit and galapagos. galfit is a two-dimensional fitting code used to model the surface-brightness of an object with predefined functions. The most used and useful functions to describe galaxy surface brightness profiles are the exponential profile and the Sérsic profile (Sérsic 1968) for respectively disc and bulges/spheroids systems. galapagos (Barden et al. 2012) is a software that uses sextractor (Bertin & Arnouts 1996) to detect and extract sources. It estimates the the sky background of each object and performs an automated Sérsic profile fit using galfit.
We fit the surface brightness with two models. Model 1 consist of a single Sérsic profile, with n as a free parameter, and represents well a 1-component galaxy. Model 2 describes a galaxy with two components, represented by an inner Sérsic and an outer exponential profile. From the best fit to model 1 systems we obtain the following parameters: position of the galaxy within the image stamp (x, y), effective radius Re, Sérsic index n, AB-magnitude m, axis ratio q and position angle PA, and for model 2: position in the stamp (x, y), effective radius of bulge and disc component (Re B, Re D), Sérsic index of the bulge nB, AB-magnitude for bulge and disc (mB, mD), axis ratio of bulge and disc (qB, qD) and position angle of both components (PAB, PAD). We exclude any fitting with unphysical parameters: effective radius smaller than 0.5 pixels, or larger than the size of the image stamp, q < 0.1, and n < 0.5 or n > 8, which implies that about 8 per cent of the galaxies are not well represented by either model 1 or model 2. These galaxies which are not fit are either very compact objects, or considerably faint/small, and have an average redshift of z = 2.
Multiwavelengh Analysis
To extend our study to a broader range in wavelength than previously done, we use all of the other bands available from HST in the CANDELS/UDS field (J, i, V bands). The reason for this is that we get a full spectral energy distribution for both the inner and outer components by just using the HST data. Within the redshift range of 1 < z < 3 the observed H-band samples the underlying stellar mass better than bluer wavelengths. Within this band we obtain as close as possible a measure of the underlying stellar mass distribution. We therefore adopt the structural parameters measured in terms of the Sérsic index and radius obtained from fitting to the H-band, which we then apply to the other wavelengths as a prior in our fitting. This ensures that we are measuring consistent fluxes within the same physical area of the galaxy.
There are several reasons why this approach is successful. We note from previous studies that above wavelengths of 3000Å the structure and sizes of galaxies do not change significantly (Lanyon-Foster et al. 2012; Conselice et al. 2011; Papovich et al. 2005) , and therefore we can assume that there are no significant colour gradients. Using galfit we fit the surface brightness with models 1 and 2, with all the parameters in each model fixed to those of the best fit determined by the H-band fit, but allowing the magnitudes to vary as a free parameter. This implies for model 1 keeping fixed the position on the stamp, the effective radius, Sérsic index, axial ratio and position angle. For model 2 we fix the position on the stamps, the effective radius of the disc and the bulge, the Sérsic index of the bulge, the axial ratio and position angle for bulge and disc. The sky level for each object, in the different bands, is calculated using galapagos. We run galapagos in each band using the detections determined from the H-band, and obtain the local sky around all the objects in our sample, as explained in Barden et al. (2012) .
SEDs
Once we obtain a full SED for our components, the stellar masses are measured using SMpy (Duncan et al. 2014 ), a template fitting code with SEDs derived from the synthetic stellar population models of Bruzual & Charlot (2003) . The model SEDs are generated from a single stellar population. We use the initial mass function (IMF) of Chabrier (2003), and we use the extinction law of Calzetti et al. (2000) to include dust in the templates. The star formation history (SFH) is characterised by an exponentially declining model with various ages, metallicities and dust extinctions
where the values of τ ranges between −10 to 10 Gyr (negative τ values represent exponentially increasing histories).
Age is allowed to vary from 0.02 to 9.6 Gyr, dust ranges from 0 to 4, and metallicities from 0.0001 to 0.05. As we show in Appendix A, to be able to obtain reliable rest-frame colours, SFRs and stellar masses from the SED fitting, we need photometry not only in the four HST bands but also in the U band, K band and Spitzer channel 1 at 3.6nm (ch1). However, we do not have high enough resolution images in these bands to perform our bulge to disc decompositions for our sample of galaxies.
We therefore make use of the photometric catalogue from Galametz et al. (2013) . The photometry from this catalogue is performed in a different way than we do, and uses different apertures than we do in this work, and so, we cannot simply combine both catalogues. However, as there are no significant colour gradients for these galaxies, it is a fair assumption that colours (in particular U − V , H − K, H − ch1) are the same in both catalogues, that is:
We then obtain the magnitudes we would derive if we have measured resolved imaging on the missing bandsi.e. U this work , K this work and ch1 this work , and incorporate them to our photometric catalogue. In the Appendix A we explore how our results from the SED fitting improve by adding these three bands to our photometry.
For the 2-component systems, we make another assumption, due to the fact that the Galametz et al. (2013) catalogue does not have bulge to disc decomposed photometry. We first estimate, from a sample of nearby galaxies (see Appendix A for details), how the B/T changes as a function of wavelength over a broad range, and use this information along with the previously calculated magnitudes (U this work , K this work and ch1 this work ) to infer the magnitudes for the bulge and disc component in K, ch1 and U band.
In Figure 2 we compare the stellar mass from the initial catalogue we selected our sample from Mortlock et al. (2015) to those masses calculated in this work, assuming all galaxies have a single component. On average the stellar masses calculated in this work are 0.2dex larger. This systematic offset found between the two mass estimates could arise from using different fitting codes and free parameters. The large scatter may be cause by the errors in the stellar masses due to degeneracies in the fitting code. Through the rest of the paper we use these new masses.
For the 2-component galaxies we have photometry for both the bulge and the disc, and therefore we are able to perform SED fitting for each component separately, allowing us to measure stellar masses and SFRs within both components. In Figure 3 we compare the stellar mass (left) and SFR (right) of the 2-component galaxies we measure, as if their light is in a single component, and as the sum of the stellar mass/SFR of each separate components. We find a good correlation between the stellar masses measured between the 1-and 2-component systems. There is also a good correlation between the star formation measured, but with a higher scatter.
Star Formation Rates
The rest-frame U V is a good SFR indicator, as it traces the presence of young and short lived O and B stars produced by recent star formation. Furthermore, the U V is the only star formation indicator which we can use to resolve the SFHs in galaxies (e.g., Ownsworth et al. 2012) . By applying a scaling factor of the U V luminosity, the SFR can be calculated, however, this depends on the assumed IMF (e.g., Kennicutt 1983) . The downside of calculating the SFR from the U V luminosity is its susceptibility to dust extinction, and therefore a dust correction has to be applied. We use a correction based on the U V slope, which is explained below.
To calculate the SFR we obtain the rest-frame U V luminosities (at 2800Å) from the best fit SED model of the stellar mass fitting, we then use the Kennicutt (1998) con- version from 2800Å luminosity to SFR assuming a Chabier IMF:
This gives the SFR before a dust correction is applied.
Dust Correction
We use the U V slope as an estimate for the dust extinction. Meurer et al. (1999) found a correlation between the U V slope β and the attenuation due to dust. Following the method described in Ownsworth et al. (2016) we use ten U V windows defined by Calzetti et al. (1994) to measure the β by interpolating the flux in these windows from the SED fitting. We then convert the slope into a dust correction using the Fischera & Dopita (2005) 
However, the U V slope can also be affected by the age of the stellar population. Galaxies with old and passive stellar populations may have similar SEDs as highly obscured galaxies with young star-forming populations. This means that passive galaxies can appear to be highly dust obscured, and thus we would derive higher SFR than they actually have.
To solve this problem we treat differently the passive and star-forming galaxies as selected by the U VJ diagram (see §4.1). We only use these dust corrections calculated by the U V slope for galaxies selected as star-forming within the U VJ diagram. For the passive population we assume that star-forming and passive galaxies have similar dust masses (e.g., Bourne et al. 2012) . We therefore assume that on average passive galaxies have the same dust attenuation as starforming ones within a range of redshift and similar stellar masses.
RESULTS
In the following section we discuss the properties of the inner and outer components of our galaxy sample. We first describe the colours and the location of our components on a U VJ colour-colour diagram to put some constrains on the passivity and star formation presence within discs and bulges. We later discuss the directly measured SFRs of these galaxy components, as well as the stellar masses, and how these properties change with time.
Colours
Studying the colours of galaxies gives us information about the star formation activity of each component, as blue objects indicate star formation activity, while red colour signifies that a galaxy is passive or dusty. The U , V and J restframe magnitudes are calculated from the flux measured by the U , V and J Bessel filters in the best SED model, during the SED fitting. We divide our sample into star-forming and passive galaxies using the rest-frame U VJ colours, where a galaxy is classified as red/passive if it satisfies the following criteria (see Mortlock et al. 2013) ,
and as blue otherwise. Figure 4 shows where the 1-component galaxies in our sample lie in the U VJ diagram. The majority of disc-like galaxies, 78±6 per cent, are in the star-forming region of the U VJ diagram, while 67 ± 6 per cent of spheroid-like galaxies are in the passive region. This is consistent with the idea that galaxy morphology correlates with colour, and therefore star formation activity, with disc-dominated galaxies being more likely to be blue and star-forming, while elliptical or spheroid-dominated galaxies are passive. However, 
U-V
Disc-like galaxies Spheroid-like galaxies 2-comp. galaxies Figure 4 . U VJ diagram for 1-component galaxies. Red circles represent spheroid-like galaxies (n > 2.5) and blue circles, disclike ones (n < 2.5). The box in the left top corner represents the passive population, given by equations 7.
Star-forming Passive 1-comp. discs 78 ± 6% 22 ± 3% 1-comp. spheroids 43 ± 5% 67 ± 6% 2-comp. discs 90 ± 11% 10 ± 3% 2-comp. bulges 68 ± 9% 32 ± 5% Table 1 . Fraction of galaxy components that are passive and star-forming, according to the U VJ selection given by equations (7).
note that this is only for galaxies which are best fit as single components, which in the nearby Universe would be earlytype ellipticals and pure disc galaxies. We see something similar, but with some differences, when we look at the U VJ colours of the disc and bulge components. As can be seen in Figure 5 , the majority of both bulges and discs are within the star-forming region (90 ± 11 and 68 ± 9 per cent respectively). However, a significant fraction of star-forming bulges, 30 per cent, are in the dusty region of the diagram, while only 17 per cent of star-forming discs lie in that region. The inner parts of 2-component galaxies are therefore red due to the dust according to the U VJ diagram, rather than because of an old stellar population. The fraction of passive and star-forming objects are summarize in Table 1 .
We furthermore study the rest-frame U − V colour as a function of stellar mass and redshift ( Figure 6 ). We find that there is a trend with stellar mass for all types of galaxies and components, such that the rest-frame U − V colour becomes redder at higher stellar masses, as seen in Figure 6 , where we plot the rest-frame U − V colour as a function of stellar mass for the 1-component galaxies (top panels) and for the 2-component galaxies (bottom panels). On the left side we show the effect of the Sérsic morphology, and on the right we investigate the relation between the U − V colour and stellar mass as a function of redshift.
For the 1-component galaxies, the structure of a galaxy, as measured through the fitted Sérsic index, has a small effect on the colour over all redshifts. That is, we find the U −V colour to be similar between disc-like and spheroid-like systems, but there are some differences. In Figure 7 (left panel) it appears that spheroid-like single component galaxies have slightly redder colours that disc-like galaxies at all redshifts, however this is the case only for galaxies with log M * < 11 (as seen in Figure 6 ). This apparent discrepancy arise from the fact that in Figure 7 the colours of galaxies with different masses are averaged, and galaxies with log M * < 11 are more numerous that the most massive ones.
Nonetheless, the colour of disc-like and spheroid-like galaxies is comparable, and therefore, 1-component galaxies must have similar SFHs at similar stellar masses ( Figure  7 ). We also observe that the colour changes with redshift significantly, particularly for galaxies with log M * < 11; lower mass galaxies become redder with time. The most massive galaxies are also the reddest and do not seem to become bluer with decreasing redshift. This shows that the most massive galaxies establish their colour earlier than lower mass galaxies.
For the 2-component galaxies we also observe a difference in the evolution of colours according to the stellar mass of the components. The most massive bulges and discs (log M * > 11) have similar colours which do not change with redshift ( Figure 6 ). Less massive bulges and discs (log M * < 11) change in colour in different ways through cosmic time. Although they may have a similar initial formation, as seen by their comparable colours at z > 1.75, at lower redshifts (z < 1.75), bulges become redder than discs. Therefore, low redshift bulges are redder than high redshift bulges, showing little new star formation. There is however no significant evolution of disc colour with redshift, for a given mass, which implies a continuous star formation as seen in Figure 7 , where we also observe how bulges become redder and therefore more passive.
In Figure 7 we overplot the U − V colour evolution tracks derived from Bruzual & Charlot (2003) single stellar population models formed with a burst in star formation at different redshifts (z = 2.5, 3, 4, 5, 6). The average restframe U − V colour for bulges of 2-component galaxies is consistent with a galaxy that had a single star formation burst at z = 2.5. The discs of 2-component galaxies have bluer colours than any of the model tracks which implies that they must have undergone continuous star formation activity, and the same is seen in the 1-component galaxies.
Star Formation Rates of Inner and Outer Components
From previous works we know that there is a tight relation between stellar mass and SFR for star-forming galaxies, which is sometimes called the 'main-sequence' (Noeske et al. 2007) , with SFR increasing with stellar mass. In our systems we find that 1-component galaxies have SFRs which increases with stellar mass (Figure 8 ). In Figure 8 we show that a star-forming 'main sequence'-like correlation exists for disc-like and spheroid-like galaxies. For 2-component galaxies, the star-forming discs have an average SFR of (7)), and in the right top corner we find the dusty region. The colour bar represents the U V slope β derived from our SED fitting. As can be seen, there is a difference between the stellar population of inner and outer components even out to z ∼ 2. SFR = 54 M * yr −1 , in agreement with the main sequence found by Whitaker et al. (2012) . The star-forming bulges have an average of SFR = 20 M * yr −1 , and contain a larger dispersion, with a value of the standard deviation normalised by the mean of σSF R/ SF R = 2.1, while the star-forming discs the ratio is σSF R/ SF R = 1.3. This shows that whilst the inner components on average have a trend of an increased SFR with stellar mass, the dispersion is much larger than for the outer or disc components. This likely reflects the variety of star formation and formation histories for inner or bulge components in galaxies.
This implies that the production of the main-sequence is driven by the formation of discs, and that the observed correlation between stellar mass and star formation for 2-component systems is driven by the formation of their outer portions, or discs. This is likely because the discs contain most of the gas which is converted to stars through star formation.
We also examine how the ratio of the star formation in the inner and outer components changes with redshift and stellar mass. The ratio of SFR of bulges and discs is on average lower than unity at all masses ( Figure 9 ). This implies that the majority of galaxies tend to have higher SFRs in their discs than in their bulges. Figure 10 shows the ratio of SFR with redshift. High redshift bulges have high SFR but as redshift decreases they become more passive while their discs become more starforming. This is seen as well with the ratio of the specific SFR (sSFR) (Figure 10 ) thus the effect is not one of a differential in mass between the components. Furthermore, the 1-component galaxies show a trend of sSFR with stellar mass (Figure 11 , top panels). This trend does not change significantly with morphology. However, we observe a difference with redshift, such that high redshift objects have a stepper relation of sSFR with stellar mass. In particular the sSFR of the most massive galaxies increases with decreasing redshift between z = 3 to z = 1. Bulges appear to have a lower sSFR than discs (Figure 11, bottom panels) . However, this is only seen in low redshift bulges, which have very low sSFR values. High redshift bulges have as high of a sSFR than high redshift discs. The sSFR of discs does not change with redshift.
Stellar Masses of Components
The ratio of stellar mass between the bulge and the disc is on average constant with time (see Figures 12 and 13 ). This shows that whilst the masses of both of these components must be changing with time due to star formation, the growth in both goes roughly together. It is easy to see how this occurs for the star-forming outer portions, but the mass assembled in the inner portion, or bulge, is not so direct, as it does not have a constant high SFR. We discuss this later in the discussion section about how this process may occur.
As Figure 13 shows, there is a relatively good agreement between the masses of the bulges and discs over cosmic time.
There is an increase in the average stellar mass, using our selection, between z = 2.5 and z = 2, and a levelling off of the stellar mass for the two components at later times. If we investigate this as a function of co-moving density, using the derivation for our sample from Ownsworth et al. (2016) , we find that from z = 2.5 to z = 1 the stellar mass of the bulges increases slightly on average, while there is some decrease in the stellar mass of the disc. This may however be due to other morphological transformations.
Presence of AGN
To identify active galaxies we cross match our galaxy sample with the Chandra X-ray catalogue from Kocevski et al. (2017 in prep.) . We find that AGNs are more common in spheroidlike galaxies and 2-component galaxies, with 11±2 and 13±3 per cent of those systems respectively having an AGN, while only 3 ± 1 per cent of disc-like galaxies have an AGN. This shows that the presence of the bulge is correlated with the presence of an AGN, even at high redshift. Figure 6 . Rest-frame colour U − V as a function of stellar mass. On the top panels we show the 1-component galaxies separated by Sérsic index (left), where blue diamonds are galaxies that have n > 2.5 (i.e. spheroid-like) and blue circles are for galaxies with n < 2.5 (i.e. disc-like); and by redshift (right), blue squares are galaxies at z < 2, and red triangles are galaxies at z > 2. On the bottom panels we show the 2-component galaxies. Left: U − V colour of bulges and discs as a function of the stellar mass of the component. Right: bulges and discs of 2-component galaxies separated in two redshift bins. The big symbols represent the median values.
In Figure 14 we compare the SFR of galaxies which have an AGN to those that do not have AGN activity. On the top panel we see that 1-component galaxies with AGN have higher SFR. The difference is stronger for the spheroids. In the bottom panel we show the SFR of the bulge and the disc components for galaxies with and without AGN. We again observe that galaxies with AGN have higher rates of star formation in both components.
It is possible that the higher SFR observed in is due to the AGN contaminating the host galaxy light (Nandra et al. 2007; Simmons & Urry 2008) , as AGNs are generally bright in the ultraviolet, which could affect the determination of the SFR from the U V slope. However, in the 2-component galaxies we observe that the SFR of AGN is higher both in the inner and outer component, although it is expected that only the inner component would be affected by the AGN contamination.
DISCUSSION
In this paper we investigate the properties of the inner and outer portions of galaxies to determine how their formation occurred. To do this we investigate the technical aspects of performing this analysis, using simulations and determining that the SFRs and the stellar masses of both the inner and outer components can be retrieved by assuming that the inner to outer light ratios and properties are similar at the two ends of our ViJH fitting (see Appendix A). We show that, when examining the bulge to disc ratio for nearby galaxies, this approach is valid, i.e. that the bulge to disc ratio does not change significantly with wavelength. This is likely even more true at higher redshifts where the visual morphologies of galaxies and their measured structures do not change as much as for nearby galaxies (e.g., Conselice et al. 2000; Taylor-Mager et al. 2007 ).
We then decompose our galaxies into inner and outer portions and derive the rest-frame colours, stellar masses, and SFRs for these components. We show that, when we compare the sum of the SFR and stellar masses for the two components to the one component measurement, we obtain a strong correlation. This shows that our method of decomposition is reliable and consistent (see also MargalefBentabol et al. (2016) ).
When we examine the location of our systems in a U VJ diagram we find that the vast majority of discs, and around 2 /3 of bulges fall into the star-forming region of the U VJ space. Therefore, a higher fraction of the bulges are more passive. However, what we do find is that many of these star-forming inner components are found in the U VJ part of the diagram occupied by dusty star-forming systems. Thus, whilst these inner components, or forming bulges, are red, they are not necessarily old, as a significant fraction at z > 1 are found in the dusty star-forming region of U VJ space.
Nonetheless, the SFR and sSFR of these bulges are not as high as for the disc or outer components.
We find also that massive (log M * > 11) galaxies and galaxy components establish their rest-frame colour by z = 3 and are the reddest objects amongst our sample. Besides, these objects also do not show evolution in colour with redshift, remaining red and passive.
Moreover, we find a significant difference between the location in U VJ space of best-fit single profiles (see Margalef-Bentabol et al. 2016) for systems that are disc-like and those that are spheroid-like. The disc-like objects have a similar fraction of star-forming galaxies to the 2-component systems, at 78 ± 6 per cent, whereas those systems that are more spheroid-like have a star formation fraction of only 43 ± 5 per cent. This shows that the 2-component galaxies have a similar broad SFH to 1-component disc-like galaxies. . The inner part of the symbols represents the bulge and the outer disc. Red colour indicates that a certain component is passive while blue indicates that it is star forming. Blue circles are galaxies in which both the bulge and the disc are star forming, red diamond are galaxies that are passive. A square represents a galaxy with a passive bulge and a star-forming disc. Finally, a triangle indicates a star-forming disc and passive bulge. Green stars are the median value in stellar mass bins. The error bars show the dispersion of the data.
We also find that on average the ratio of the stellar mass of the bulge and the disc remains constant with redshift, while the ratio of the SFR decreases with decreasing redshift (Figure 10 ). Besides, discs become more star-forming than bulges. This supports the idea that galaxies form inside out (Dullo & Graham 2013; Graham et al. 2015; de la Rosa et al. 2016) , possibly with mass accreting into the disc inducing its star formation. This is consistent with the gas accretion model for how star formation is triggered in these galaxies Conselice et al. 2013) . The majority of the star formation within these galaxies is occurring within the discs, precisely at the location where we would expect it to be.
Finally, we find that the ratio of the stellar mass in inner 'bulges' and outer 'discs' is similar over cosmic time. That is, it appears that the amount of stellar mass in both inner and outer components is at roughly the same ratio throughout 1 < z < 3 when both components are forming. Because there is a higher star formation rate in the outer portion, we would expect the mass of this outer 'disc-like' component to grow faster than the inner component where the star formation rate is lower. However, we do not see this. Because of this, there then must be a conversion, or transfer of stellar mass from the disc (or outer component) into the bulge (or inner component). We can do a simple calculation to show that this indeed must be the case. We calculate how much extra mass is needed in the inner components when we investigate the change in the stellar mass for both of the inner and outer components for these galaxies. We do this in terms of a constant co-moving volume, so as to avoid issues with new galaxies entering the sample, and to obtain a clean as possible connection between different redshifts (e.g., Mundy et al. 2015) . Figure 13 shows this evolution where we find that the mass of the inner components grows by a factor of 0.3dex, whilst the outer components decrease in stellar mass by a similar amount. This shows that around half of the mass in the disc components must be transferred into the bulge on average over this time period. This suggests that bulge formation, for an average disc+bulge system, is done in a secular manner rather than simply though a rapid and early formation.
To advance in this field and understand the formation of bulges and discs we need high resolution data at higher redshifts (z > 3) future telescopes such as the James Well Space Telescope (JWST ) will provide this and allow us to probe the first epoch of disc and bulge formation within the Universe. Figure 11 . sSFR as a function of stellar mass. On the top left panel we represent the 1-component galaxies divided by morphology (disc-like galaxies as blue circles and spheroid-like ones as red diamonds). On the right top panel we further split these two types of galaxies into two redshift bins. And analogously for the bulges and discs of the 2-component objects in the bottom panel. The large symbols are the average sSFR values in each mass bins. Figure 14 . Comparison between the SFR of galaxies with and without the presence of AGN. The top panels show the distribution of log(SFR) for the 1-components spheroids (left) and discs (right), for galaxies with AGN (solid yellow) and without AGN (strip lines green). The analogous for 2-component galaxies is shown in the bottom panels for bulges (left) and discs (right).
A APPENDIX
The photometry obtained in this work consists of the four HST bands (two visible bands, denoted V and i, and two near-infrared ones, denoted J and H). We investigate the effects that using only these four bands have in the results of the SED fitting. To this end, we use the galaxy photometry from Galametz et al. (2013) for the same galaxies in our sample.
The 17 bands used for this photometry are described in §2, and include the 4 HST bands used in this work. We discuss the comparison in derived properties between using the 4 HST bands, and using the photometric catalogue from Galametz et al. (2013) . We show the results of this comparison on the left side of Figure 15 , where we observe that, due to not having rest-frame IR fluxes from Spitzer, the J rest-frame colour is not well recovered, however, U and V are. We then show, on the right panels of Figure 15 , that by adding only K and ch1 bands, we are able to recover the rest-frame magnitude J as well as when using the 17 photometric bands.
In Figure 16 we show that using just the 4 HST bands, we obtain systematically lower SFRs than using all 17 bands. This is due to not having photometry in the ultraviolet, which makes it more difficult to constrain the U V slope in the SED fitting. We find that adding the U band to the 4 HST bands we recover the same SFR as with 17 bands. We also note that by adding K and ch1, apart from U , does not change the recovered SFRs.
Finally we show in Figure 17 that including U , K and ch1 to the 4 HST bands, we also obtain results of the stellar mass consistent with those obtained using 17 bands. We conclude that using U V iJHK and the Spitzer ch1 bands are sufficient to obtain reliable results in terms of rest-frame colours, stellar masses and SFRs from SED fitting. We thus derive what these colours are from the assumptions we make in §3.3.
In order to estimate the flux of the components (bulge and disc) in the K, U and ch1 bands, we first examine a volume limited sample of nearby galaxies (z < 0.3, Mr < −21.2) from GAMA (Liske et al. 2015) for which a bulge to disc decomposition is available. These sample if formed by the blue galaxies containing a bulge and a disc component (Vulcani et al. 2014; Kennedy et al. 2016) . Figure 18 shows how the B/T changes as a function of rest-frame wavelength for this sample of nearby galaxies.
For each 2-component galaxy in our high redshift sample we calculate the rest-frame magnitudes that correspond to the observed H and K bands, which will be different for galaxies at different redshifts. We then determine the ratio of B/T between these two rest-frame wavelengths by interpolating from the relation observed in Figure 18 . We plot these results in Figure 19 (red circles) and find that this ratio is about 0.85 for all our galaxies. We can compute the B/T in the K band as follows:
(B/T )K = 0.85(B/T )H .
We can therefore calculate the flux of the bulge and disc component in the K-band. Analogously, for ch1 we obtain: (B/T ) ch1 = 0.65(B/T )H .
To confirm whether the relation of B/T with wavelength from nearby galaxies can be applied to high redshift ones, we compare the ratio of B/T between H and J bands from our surface brightness fittings to those obtained from the low redshift sample from Figure 18 . We find that in both cases (B/T )J ∼ 0.9(B/T )H (blue diamonds and purple stars in Figure 19 ). Figure 18 shows that the relation of B/T with wavelength flattens towards the ultraviolet and, therefore, we assume that the B/T in the U band will be the same as in the V band for all redshifts:
(B/T )U = (B/T )V .
We use these corrections to obtain photometry for the disc and bulge components in the U , K and ch1, and use them in addition to the photometry from our 4 HST bands (V , i, J, H) to perform SED fittings. This paper has been typeset from a T E X/L A T E X file prepared by the author. Figure 18 . B/T flux ratio as a function of wavelength for a sample of blue nearby galaxies from the GAMA survey. Figure 19 . B/T ratio between the rest-frame magnitudes of our 2-component galaxies corresponding to H and K (red circles), H and ch1 (green squares) and J and H (blue diamonds). The B/T ratio is calculated by interpolation of Figure 18 for the corresponding rest-frame magnitudes in each case. The purple stars are the average ratio between the B/T obtained in the H and J bands from our surface brightness fitting.
